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1. INTRODUCTION

High frequency pressure oscillations have been observed in regenerative liquid
propellant gun data. These pressure oscillations have been observed in calibers ranging
from 25 mm through 155 mm (Mandzy, Cushman, and Magoon 1987; Pate and Magoon
1985; Mandzy et al. 1983; Magoon, Haberl, and Purtee 1989; Watson 1989; Knapton and
Watson, to be published). The effect of pressure oscillations on projectile integrity and
projectile payloads is a key technical issue in the liquid propellant gun program. A great
deal of effort has been directed toward the study of varying the gun system and propeilant
to alleviate, or at least dampen, these pressure oscillations. Interest has been expressed
in initiating programs to determine the effects, if any, that oscillations have on the projectile.
A project was initiated to study the effects of chamber pressure oscillations on the projectile
in a 3C-mm Concept VI RLPG.

In order to determine the effects of pressure oscillations, the projectile must be
instrumented with transducers that will allow projectile acceleration and base pressure data
to be recorded. Various methods of transferring this information to a medium where it can
be recorded have been devised for both small and large caliber solid propeliant gun
systems (Evans 1985; Craig 1973; Morrow 1972). Most of these methods required onboard
data recorders, wire collection scoops, complex transmitting and receiving electronics, or
other elaborate and expensive data transmission schemes. Due to budget and gun system
constraints, none of the methods of telemetry that were found in the literature were suitable
for our application. The scoop methods were limited to icwer velocities than we were
expecting (800-1000 m/s), and it was uneconomical to machine a scoop for each test due
to the lack of a proper soft recovery system. Space and bandwidth constraints made any
type of radio frequency telemetry or onboard recording system too large and too expensive.
Thus, a low cost hardwire telemetry method was designed that took advantage of high
strength composite fiber technology 10 maintain contact between the transducers and the
recording system during the interior ballistic cycle. To our kncwledge, this method had
never been used successfully in the interior ballistic environment. This paper describes
the early development of a hardwire telemetry method that is being investigated at the
BRL. Preliminary data are presented, a partial analysis is put forward, and improvements
¢ this technique are suggested.

2. METHODOLOGY

The hardwire teiemetry method is an inexpensive method of transterring data from
an instrumented projectile to a data recording medium. A hollow composite extension rod
is mounted on the front of an instrumented projectile through which the transducer wires
are threaded. A composite rod provides significant strength to support the wira< at greatly
reduced mass as compared to an equal strength metal configuration  As the forces
generated are primarily due to acceleration loading ot the projectile, minimization of the
support system mass is of utmost importance. The extension rod protects the wires from
the inbore environment and alleviates any pinching of the transmission wires between the
projectile and the bore during the first several feet of travel. These wires are the extended
out of the muzzle and attached to a stationary blast stand to keep them from resting on




the inside of the gun tube wall. Data from an onboard accelerometer and base pressure
gage are transmitted over the wires, through signal conditioning hardware external to the
gun system, and recorded until the wires are destroyed.

3. EXPERIMENTAL

3.1 Instrumentation. Testing of the new hardwire telemetry technique was per-
formed in a 30-mm Concept VI RLPG. Figure 1 shows the Concept VI RLPG (Knapton,
Watson, and Boyer, to be published). The top half of the drawing shows the system before
firing and the bottom half shows the system after firing. Chamber pressure measurements
were taken in the J, C, and A planes as shown in the figure. Three pressure measurements
were also taken in the barrel. The barrel locations were at 3.8, 50.8, and 122.6 centimeters
from the chamber end of the barrel. They are referred to as Barrel 1, Barrel 2, and Barrel
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i Figure 1. Concept VI Regenerative Liquid Propellant Gun

3, respectively. The barrel gages are used to measure tube pressure and discrete projectile
position as determined by a sharp rise in pressure seen on the pressure versus time plot.
Ajl pressure measurements were made using Kistler 607C4 piezoelectric pressure trans-
ducers. A PCB 305MO09 piezoelectric accelerometer was used to measure projectile
acceleration. In addition to these measurements, microwave interferometry was used to
measure projectile motion and an opticaltracking device was used to measure the injection
oiston motion. Each test used 160 cm? of Liquid Gun Propellant 1845 and a 3.6 gram solid
propellant igniter (IMR 4350).




3.2_Telemetry Configurations. Four test rounds were fired. Three were performed
using the hardwire telemetry technique described above. A fourth round, which was used
as a baseline, had the transmission wires extended out the muzzle without the use of an
extension rod.

The firsttest (415-56) configurationis shownin Figure 2. For this test a 30-mm brass
projectile was machined to house an accelerometer. A hollow fiber composite extension
rod 107 centimeters in length was mounted to the front of the projectile. Nylon reinforced
wires [32 gauge] were connected to the accelerometer and threaded through the inside of
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\ Figure 2. Telemetry Configuration Using Brass Projectile
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the fiber composite extension rod. The wires were attached to the end of the rod in an
attempt to keep them taut during early projectile travel. The purpose of the bearing was to
minimize the angular acceleration of the extension rod as the projectile spun due to the
riffing in the barrel. The mass of the projectile, rod, and wire was 276 grams. After test
415-56, it was determined that the material properties of the 30-mm brass projectile, when
machined for an accelerometer, were too weak to withstand the ballistic loads that it was
subjected to during firing. This determination led to the design of a steel projectile that
could house both an accelerometer and a base pressure gage.
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Figure 3 shows the design of the steel projectile that was used in tests 415-68.
415-74, and 415-75. It consisted of a 10.2 cm steel projectile machined to house a base
pressure gage and an accelerometer. Also included in the design is a brass rifling
engraving slip band designed to reduce the rotational acceleration of the projectile and
extension rod. This design used a lighter, stronger graphite extension rod measuring 68.6
cm in length. The same teflon coated wire [32 gauge] was used. A foam bore rider was
included to alleviate any "whipping" of the end of the rod that may have cccurred and to
give the rod support. This projectile was retrieved and reused after firing. All that was
needed was a new engraving band. The accelerometer was also able to be reused in tests
415-74 and 415-75. However, the base pressure gage was not reusable.

Since the projectile configuration of test 415-68 maintained its integrity, it was fired
again (test 415-74) with two small changes. In place of the 32 gauge wire, 22 gauge wire
was used. It was hoped that the larger wire would allow for greater projectile travel before
data loss. The base pressure gage was also eliminated to simplify the test since base
pressure data had been lost on the previous test. The mass of the projectile, rod, and wire
was 720 grams. After firing, the projectile and accelerometer were both found to be
reusable.

Test 415-75 was fired to obtain a data baseline for comparison with the tests using
the extension rod. The same projectile and accelerometer used in the previous test were
used without the aid of an extension rod. The mass of the projectile and 22 gauge wire
was 600 grams. After firing, the projectile and accelerometer were both found to be
reusable.

3.3 Results and Discussion. The results of the four round series are summarized
in Table 1. Although projectile base pressure measurements were attempted, no discern-
ible data was recorded.

Figure 4 shows a plot of measured projectile acceleration versus time and Figure
5 shows a plot of measured chamber pressure in the J-plane (gage J120) versus time for
test 415-56. The pressure oscillations seen in Figure 5 are typical in the Concept VI RLPG.

~

| Table 1. Summary of Telemetry TestData
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Comparing the accelerometer data to the pressure data, it is seen that the acceler-
ometer transmission data were lost before the pressure oscillations began. The distance
that the projectile traveled before transmission loss occurred was approximately 22.9 cm.
This distance was determined by integrating the acceleration curve twice which produced
a travel versus time curve for the projectile. By taking the time when the projectile passed
the first barrel gage, and comparing this time with the corresponding time on the travel
curve, an acceleration calibration adjustment was made. Using this information, the travel
at time of transmission loss was calculated. Unfortunately all attempts to acquire inter-
ferometer data were unsuccessful, most likely due to the extension rod, and therefore
further validation of these results was not possible. By using the same method, the velocity
of the projectile at the time of transmission loss was determined to be approximately 247
m/s. A Fast Fourier Transform (FFT) of the chamber pressure and the first barrel pressure
produced apparent dominant frequencies of 29 kHz and 25 kHz, respectively.

Figure 6 shows a plot of measured projectile acceleration versus time, Figure 7
shows a plot of measured chamber pressure versus time, and Figure 8 shows a plot of
measured barrel pressure (barrel 1) versus time for test 415-68. Oscillations are apparent
on the acceleration plot just prior to data transmission loss. Figures 9, 10, and 11 show
expanded plots of projectile acceleration, chamber pressure, and barrel pressure, respec-
tively. It is evident from Figure 9 that at least nine cycles of oscillations occur before data
transmission is lost. The frequency of these oscillations was calculated by counting the
cycles as shown in Figure 9 and was found to be 52.9 kHz. The frequency of the oscillations
in the chamber was calculated over the same time and was determined to be 58 kHz.
Likewise, the frequency of the oscillations on the barrel pressure was calculated over the
same time and was determined to be 57 kHz. To confirm these frequencies, FFT's were
done on each as shown in Figures 12, 13, and 14. The resultant dominant frequencies for
the accelerometer, chamber pressure, and barrel pressure, were 53 kHz, 56 kHz, and 57
kHz, respectively. The authors were unable to draw any conclusions concerning the
amplitude of the oscillations observed on the accelerometer data. The distance that the
projectile traveled before data transmission loss was approximately 24.9 cm and the
projectile velocity at that time was approximately 263 m/s.

Figure 15 shows a plot of measured projectile acceleration versus time and Figure
16 shows a plot of measured chamber pressure versus time for test 415-74. Comparing
the accelerometer data to the pressure data, it is seen that the accelerometer transmission
data was lost before the pressure oscillations began. The substitution of heavier gauge
wire, which was expected to yield greater transmission distance, was detrimental to the
telemetry system performance. The distance that the projectile traveled before transmis-
sion loss occurred was calculated to be approximately 11.6 cm. The velocity at the time of
transmission loss was determined to be 165 m/s. An FFT of the chamber pressure and
the first barrel pressure produced apparent dominant frequencies of 57 kHz and 59 kHz,
respectively.

Figure i7 shows a plot of measured projectile acceleration versus time and Figure
18 shows a plot of measured chamber pressure versus time for test 415-75. Comparing
the accelerometer data to the pressure data, it is seen that the accelerometer transmission




data were lost betore the pressure oscillations began. The distance that the projectile
traveled betfore transmission loss occurred was calculated to be approximately 20.9 cm.
The velocity at the time of transmission loss was determined to be 204 m/s. An FFT of the
chamber pressure and the first barrel pressure produced apparent dominant frequencies
of 59 kHz and 62 kHz, respectively.

Using the hardwire telemetry technique (test 415-68), an increase of 4 cm in data
transmission distance was achieved over the round that did not use the extension rod technique
(test 415-75). This increase in travel before loss of data transmission yields data that suggests
there are oscillations being experienced by the projectile in the 30-mm Concept VI RLPG.
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Based on the limited test data that have been acquired, it is apparent that there are
several areas of improvement that must be addressed. It is possible that as the projectile
accelerated down tube, the extension rod may not have accelerated with it. In this case,
the extension rod would have collapsed, explaining why limited data transmission distance
was achieved. In addition, the transmission wires may have broken prematurely because
of the fact that they were forced to "turn around” inside the tube as the extension rod
accelerated.

4. CONCLUSIONS. Projectile base pressure and acceleration data are critical to
the assessment of pressure oscillation effects in liquid propellant guns. The hardwire
teiemelry method aemonstrated limited success. Use of this method provided acceleration
data 4 cm beyond the transmission distance achieved without an extension rod. Projectile
acceleration data were recorded that exhibited oscillatory behavior similar to that seen in
both the chamber and in the barrel of the 30-mm Concept VI RLPG data. Further, it was
determined that the dominant frequencies of the projectile accelerometer, chamber pres-
sure in the J-plane, and the first barrel pressure were 53 kHz, 56 kHz, and 57 kHz.
respectively, for test 415-68. Insufficient data has been collected to make further state-
ments concerning the nature of the oscillations seen in the projectile acceleration data.

Several areas of improvement have been identified that must be addressed in the
future. Investigation into a stronger or more rigid extension rod would be desirable. The
projection of the extension rod out of the muzzle could possibly alleviate premature data
transmission loss due to the "turning around" of the transmission wire in the bore. More
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extensive diagnostics, such as flash X-rays and high speed photography could also be
useful in studying the integrity of the extension rod.
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